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DLE CONNECTION STATE POWER 
CONSUMPTION REDUCTION INA 

WRELESS LOCAL AREANETWORK USING 
VARABLE BEACON DATA 

ADVERTISEMENT 

REFERENCE TO PRIORITY APPLICATION 

0001. This application claims priority to U.S. Provisional 
Application Ser. No. 60/885,138, filed Jan. 16, 2007, entitled 
“Power Consumption in Idle Connection State', incorporated 
herein by reference in its entirety. 

FIELD OF THE INVENTION 

0002 The present invention relates to the field of data 
communications and more particularly relates to an apparatus 
for and method of improving idle connection state power 
consumption in wireless local area network (WLAN) systems 
using variable beacon data advertisements. 

BACKGROUND OF THE INVENTION 

0003 Wireless Local Area Networks (WLANs) are well 
known in the art. Over the past few years, wireless networking 
has exploded with numerous products commercially avail 
able from a myriad of manufacturers. The standards govern 
ing WLAN networking products are defined by a suite of 
specifications issued by the IEEE and known as the IEEE 
802.11 standard, incorporated herein by reference in their 
entirety. The standards define the operation of both the radio 
PHY layer and the MAC layer. 
0004. A wireless local area network (WLAN) links two or 
more computers together without using wires. WLAN net 
works utilize spread-spectrum technology based on radio 
waves to enable communication between devices in a limited 
area, also known as the basic service set. This gives users the 
mobility to move around within a broad coverage area and 
still be connected to the network. 
0005 For the home user, wireless networking has become 
popular due to the ease of installation and location freedom 
with the large gain in popularity of laptops. For the business 
user, public businesses such as coffee shops or malls have 
begun to offer wireless access to their customers, whereas 
Some are even provided as a free service. In addition, rela 
tively large wireless network projects are being constructed in 
many major cities. 
0006. There are currently there exist several standards for 
WLANs: 802.11, 802.11a, 802.11b, 802.11g and 802.11n. 
The 802.11b has a rate of 11 Mbps in the 2.4 GHz band and 
implements direct sequence spread spectrum (DSSS) modu 
lation. The 802.11a is capable of reaching 54 Mbps in the 5 
GHz band. The 802.11g standard also has a rate of 54 Mbps 
but is compatible with 802.11b. The 802.11a/g implements 
orthogonal frequency division multiplexing (OFDM) modu 
lation. 
0007. A WLAN state is any component that can connect 
into a wireless medium in a network. All stations are equipped 
with wireless network interface cards (NICs) and are either 
access points or clients. Access points (APs) are base stations 
for the wireless network. They transmit and receive radio 
frequencies for wireless enabled devices to communicate 
with. Wireless clients can be mobile devices such as laptops, 
personal digital assistants, IP phones or fixed devices such as 
desktops and workstations that are equipped with a wireless 
network interface card. 
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0008. The basic service set (BSS) is defined as the set of all 
stations that can communicate with each other. There are two 
types of BSS: (1) independent BSS and (2) infrastructure 
BSS. Every BSS has an identification (ID) called the BSSID, 
which is the MAC address of the access point servicing the 
BSS. An independent basic service set (BSS) is an ad-hoc 
network that contains no access points, which means the 
stations within the ad-hoc network cannot connect to any 
other basic service set. 
0009. A network diagram illustrating an example prior art 
WLAN network is shown in FIG. 1. The example network, 
generally referenced 10, comprises WLAN access points 26, 
32 (AP) coupled to a wired LAN 22 such as an Ethernet 
network. The WLAN AP 26 in combination with laptops 28 
form basic service group (BSS) #124. Similarly, WLAN AP 
32 in combination with laptop 34, personal digital assistant 
(PDA) 36 and cellphone 38, form basic service group i230. 
A server 12, desktop computers 14, 16, router 20 and Internet 
18 are also connected to the wired LAN 22. 
0010. A block diagram illustrating an example prior art 
WLAN transceiver in more detail is shown in FIG. 2. The 
WLAN transceiver, generally referenced 40, comprises 
antennas 42, 44, RF Switch 46, I and Q signal analog to digital 
converters (ADCs) 58, 60, respectively, I and Q signal digital 
to analog converters (DACs) 61, 62, respectively, baseband 
processor PHY/MAC 69, EEPROM 63, static RAM 64, 
FLASH memory 65, host interface (I/F) 66 coupled to host 67 
and power management circuit 68. Radio circuit 48 com 
prises bandpass filter 50, RF front end circuitry 52, bandpass 
filter 54 and I/O transceiver 56 that performs I and Q modu 
lation and demodulation. 
0011. A timing synchronization function (TSF) is opera 
tive to keep the timers of all the stations (STAs) in the same 
basic service set (BSS) synchronized. Each station maintains 
its own local TSF timer. In a conventional WLAN infrastruc 
ture network, the access point (AP) is the timing master and is 
operative to implement the timing synchronization function 
(TSF). The AP periodically transmits special frames called 
beacons that contain a copy of its TSF timer. The beacons are 
used by the other STAs in the BSS to synchronize to the AP. 
A STA always accepts the timing information received in a 
beacon from the AP servicing its BSS. If the TSF timer of a 
STA is different from the timestamp in the received beacon, 
the receiving STA sets its local timer to the received times 
tamp value. 
0012 For ad hoc networks, the TSF in an Independent 
BSS (IBSS) is implemented using a distributed algorithm that 
is performed by the members of the BSS. Each STA in the 
BSS transmits beacons in accordance with an algorithm 
defined in the 802.11 standard. Each STA in the IBSS adopts 
the timing received from any beacon or probe response that 
has a TSF value later than its own TSF timer. STAs expect to 
receive beacons at a nominal rate. The interval between bea 
contransmissions is defined by theaBeaconPeriod parameter 
of the STA. A STA sending a beacon sets the value of the 
timestamp to be equal to the value of the TSF timer of the STA 
at the time that the first bit of the timestamp is transmitted to 
the PHY plus the transmitting delays of the STA through its 
local PHY from the MAC-PHY interface to its interface with 
the wireless medium (i.e. antenna, etc.). 
0013 An infrastructure basic service set (BSS) can com 
municate with other stations that are not in the same basic 
service set by communicating through access points. An 
extended service set (ESS) is a set of connected BSSs. Access 
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points in an ESS are connected by a distribution system. Each 
ESS has an ID called the SSID which is a 32-byte (maximum) 
character String. A distribution system connects access points 
in an extended service set. A distribution system is usually a 
wired LAN but can also be a wireless LAN. 

0014. In infrastructure networks, the AP defines the timing 
for the entire BSS by transmitting beacons in accordance with 
theaBeaconPeriod attribute within the AP. This define a series 
of target beacon transmission times (TBTTs) exactly aEBea 
conPeriod time units apart. Time Zero is defined to be a TBTT 
with the beacon being a delivery traffic indication message 
(DTIM) and transmitted at the beginning of a contention fee 
period (CFP). At each TBTT, the AP schedules a beacon as the 
next frame for transmission. If the carrier sense mechanism 
determines that the medium is busy, the AP delays the actual 
transmission of the beacon in accordance with the basic 
medium access defined in the standard. The beacon period is 
adopted by all STAs when joining the BSS. A block diagram 
illustrating an example beacon transmission in a busy net 
work is shown in FIG. 3. 
00.15 Beacon generation in an IBSS ad hoc network is a 
distributed process. The beacon period is included in Beacon 
and Probe Response frames and STAs adopt that beacon 
period when joining the IBSS. All members of the IBSS 
participate in beacon generation. Each STA maintains its own 
TSF timer that is used foraBeaconPeriod timing. The beacon 
interval within an IBSS is established b the STA that instan 
tiates the IBSS. This defines a series of TBTTs exactly aEBea 
conPeriod time units apart. Time zero is defined to be a TBTT. 
At each TBTT the STA (1) suspends the decrementing of the 
backoff timer for any pending non-beacon or non-ad hoc 
traffic indication (ATIM) transmission; (2) calculates a ran 
dom delay uniformly distributed in the range between Zero 
and twice acWminxaSlot Time; (3) waits for the period of the 
random delay, decrementing the random delay timerusing the 
same algorithm as for backoff; (4) cancels the remaining 
random delay and the pending beacon transmission, if a bea 
con arrives before the random delay timer expires, and the 
ATM backoff timer resumes decrementing; and (5) sends a 
beacon if the random delay timer expires and no beacon has 
arrived during the delay period. 
0016 Note that in an infrastructure network, the STAs 
always adopt the timerina beacon or probe response from the 
AP in their BSS. In an IBSS, a STA always adopts the infor 
mation in the contents of the beacon or probe response when 
it contains a matching service set identifier (SSID) and the 
value of the timestamp is later than the TSF timer of the STA 
(i.e. it adopts the timing of the fastest clock in the network). 
0017. The types of wireless LANs include peer to peer or 
ad-hoc wireless LANs. A peer-to-peer (P2P) WLAN enables 
wireless devices to communicate directly with each other. 
Wireless devices within range of each other can discover and 
communicate directly without involving central access 
points. This method is typically used by two computers so that 
they can connect to each other to form a network. If a signal 
strength meter is used in this situation, it may not read the 
strength accurately and can be misleading, because it regis 
ters the strength of the strongest signal, which may be the 
closest computer. 
0018. The RF front end circuit 20 functions to filter and 
amplify RF signals and perform RF to IF conversion to gen 
erate I and Q data signals for the ADCs 26, 28 and DACs 30, 
32. The baseband processor 34 is a part of the PHY that 
functions to modulate and demodulate I and Q data and car 
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rier sensing, transmission and receiving of frames. The 
medium access controller (MAC) functions to control the 
communications (i.e. access) between the host device and 
applications. The power management circuit 44 is adapted to 
receive power via a wall adapter, battery and/or power via the 
host interface 42. The host interface may comprise PCI, Card 
Bus or USB interfaces. 

0019. A problem associated with WLAN transceivers, 
however, is that their power consumption is a limiting factor 
in their deployment in mobile networks. WLAN transceivers 
consume relatively large amounts of power for the following 
reason. Wireless LAN transceivers are designed to serve com 
puters throughout a structure with uninterrupted service using 
radio frequencies. Due to the wide bandwidth used, the rela 
tively high SNR required to demodulate the higher order 
WLAN constellations (64 QAM) and the possibility for 
strong adjacent channel signals, the transceiver has to sample 
incoming signals at very high frequency (e.g., 4x or higher 
then actual bandwidth) using high accuracy ADCs and highly 
linear receiver chains, all of which consume high power. 
0020. In the majority of mobile use cases, a large percent 
of the time, the mobile WLAN device is operating in the idle’ 
receive mode. In this mode, the WLAN device is searching 
for and waiting to receive valid packets either from an access 
point (AP) or other stations (i.e. ad-hoc network). For active 
voice connections, the WLAN device is in the idle mode 
approximately 20-90% of the time, approximately 20-50% 
for standby operation and approximately 90% for scan opera 
tions. 

0021 While in the idle connection state, the STA is con 
nected to the AP but very little traffic flows, e.g., a packet is 
sent every few seconds. In this case, the STA is still required 
to wake up on DTIM/Listen intervals to perform the follow 
ing various activities: (1) receive broadcast traffic, including 
NetBIOS name requests, ARP requests, UPnP advertise 
ments, etc.; (2) checking for unicast traffic destined for the 
STA, including incoming call, application protocol messages, 
key updates, etc.; (3) perform management actions, including 
updating timing synchronization function (TSF) values, 
tracking dynamic frequency selection (DFS) (channel Switch 
announcements); and (4) performing RX path calibrations. 
0022. Most of the above actions require the STA to wake 
up and receive beacon messages and process information 
received in the beacon message. A block diagram illustrating 
the multi-phase process of Beacon reception in a STA is 
shown in FIG. 4. Beacon reception and related processing are 
performed in three phases. In Phase 1 (block 162), the STA 
wakes up before the target beacon transmit time (TBTT) 
event to prepare for reception of the beacon. This phase 
comprises executing the wake-up sequence (block 164); 
switching on the RX chain (block 166); and waiting for the 
arrival of the beacon message (block 168). 
(0023. In Phase 2 (block 170), the STA receives the beacon 
message. The beacon is transmitted with Some delay that is 
inherent to the design of the AP. The delay, however, is not 
known by the STA and may be hardware or software based. 
Further, the beacon is transmitted at the lowest rate (e.g., 1 
Mbps) to ensure reception with low SNR. 
0024. In Phase 3 (block 172), the receive beacon message 

is processed. This phase comprises switching off the RX 
chain (block 174); processing the contents of the beacon 
message (block 176); and executing the doze command 
(block 178). 
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0025 Standard WLAN implementations typically suffer 
from relatively high idle power consumption (over 10% of the 
power consumed during active reception). This is because for 
idle mode operation they use the standard radio receive circuit 
path which has relatively high power consumption associated 
with it. The majority of the power consumption occurs in the 
front end circuit, ADC circuits and the high speed digital 
correlator logic circuits. Thus, considering the above 
described usage patterns, idle power consumption constitutes 
the dominant part of the power budget. In particular, maximal 
power consumption occurs while the RX chain is on. 
0026. It is thus desirable to have a mechanism that is 
capable of reducing or minimizing the power consumed while 
WLAN transceiver devices are in the idle connection state 
searching for WLAN beacon messages, signals, etc. In par 
ticular, optimization of the power consumption during the 
idle connection state can significantly reduce the overall 
power consumption of WLAN devices, improve standby and 
talk battery times and permit a wider deployment in mobile 
devices. 

SUMMARY OF THE INVENTION 

0027. The present invention is a novel and useful appara 
tus for and method of improving idle connection state power 
consumption in wireless local area network (WLAN) sys 
tems. The present invention provides a mechanism for reduc 
ing the power consumption of stations (STAs) in a WLAN 
network while in the Idle connection state. 
0028. Although the mechanism of the present invention 
can be used in numerous types of communication systems, to 
aid in illustrating the principles of the present invention, the 
description of the WLAN signal detection mechanism is pro 
vided in the context of a WLAN radio co-located with a 
Bluetooth radio that is part of a cellular phone. 
0029. In operation, mechanism determines the Beacon 
transmission delay inherent in its implementation. This delay 
is implementation specific and will vary from device to device 
and from manufacturer to manufacturer. The delay can be 
determined at the time of manufacture by the device vendor. 
The Beacon transmission delay information is advertised by 
the access point to the stations via a special Beacon Trans 
mission Delay Information Element. The stations, upon 
receipt, adjust their Wake For Beacon Reception time accord 
ingly so that they wake up at a time much closer to the actual 
receipt of the Beacon, thus reducing power consumption due 
to the reduce time the receive circuits need to be on. 
0030. In addition, the mechanism takes advantage of the 
fact that not all the contents of Beacon messages change from 
one Beacon to the next. Thus, stations only need receive the 
variable portion of the Beacon that changes. Access points 
determine the size of the variable portion of their Beacon 
messages and include this size information in a special Vari 
able Beacon Data Information Element in the Beacon mes 
sage itself. The station reads the contents of this information 
element and uses the size information to determine at what 
point it can halt the reception of the Beacon message and turn 
off it's receive radio thereby saving power. 
0031. Although the WLAN idle connection state power 
reduction mechanism of the present invention can be incor 
porated in numerous types of communication devices such a 
multimedia player, cellular phone, PDA, mobile device, etc., 
it is described in the context of a WLAN access point and 
station. It is appreciated, however, that the invention is not 
limited to the example applications presented, whereas one 

Jul. 17, 2008 

skilled in the art can apply the principles of the invention to 
other communication systems as well without departing from 
the scope of the invention. 
0032. The WLAN signal detection mechanism has several 
advantages including the following: (1) use of the mechanism 
of the present invention provides for a significant reduction in 
power consumption during the WLAN idle mode of operation 
which translates to over 300% of power savings for common 
usage scenarios of standby operation and 10% of power sav 
ing for Voice call in the enterprise environment and over 
200% of power savings for common usage scenarios of 
standby operation and 4% of power saving for Voice call in the 
home environment; (2) depending on the particular imple 
mentation, implementing the invention does not require addi 
tional hardware; and (3) depending on the particular imple 
mentation, the mechanism requires only Software 
modifications to access points and stations. 
0033. Note that some aspects of the invention described 
herein may be constructed as Software objects that are 
executed in embedded devices as firmware, software objects 
that are executed as part of a software application on eitheran 
embedded or non-embedded computer system such as a digi 
tal signal processor (DSP), microcomputer, minicomputer, 
microprocessor, etc. running a real-time operating system 
such as WinCE, Symbian, OSE, Embedded LINUX, etc. or 
non-real time operating system such as Windows, UNIX, 
LINUX, etc., or as soft core realized HDL circuits embodied 
in an Application. Specific Integrated Circuit (ASIC) or Field 
Programmable Gate Array (FPGA), or as functionally 
equivalent discrete hardware components. 
0034. There is thus provided in accordance with the inven 
tion, a method for use in an access point in a wireless local 
area network (WLAN) system, the method comprising the 
steps of preparing a beacon transmission buffer with infor 
mation elements to be transmitted in a beacon message, deter 
mining the size of a variable section of the beacon transmis 
sion buffer and inserting the size of the variable section in the 
beacon message. 
0035. There is also provided in accordance with the inven 
tion, a method for use in an access point in a wireless local 
area network (WLAN) system, the method comprising the 
steps of preparing a Beacon transmission buffer with infor 
mation elements to be transmitted in a current Beacon mes 
sage, calculating the size of a variable portion of the Beacon 
transmission buffer that changed from the contents of a pre 
vious Beacon message and advertising the size of the variable 
portion in the current Beacon message thereby permitting 
recipient stations to abort Beacon reception once receipt of 
the variable portion of the current Beacon message is com 
plete. 
0036. There is further provided in accordance with the 
invention, a method for use in a station in a wireless local area 
network (WLAN) system, the method comprising the steps of 
detecting the start of a beacon message, beginning reception 
of the beacon message and reading a size of a variable portion 
of the beacon message therefrom and aborting reception of 
the beacon message immediately after reception of the vari 
able portion. 
0037. There is also provided in accordance with the inven 
tion, a method for use in a station in a wireless local area 
network (WLAN) system, the method comprising the steps of 
beginning reception of a beacon message, detecting a variable 
beacon data information element and extracting a size of a 
variable portion of the beacon message therefrom, continuing 
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to receive the beacon message up to an including the variable 
portion and aborting reception of the beacon message imme 
diately after reception of the variable portion is complete. 
0038. There is further provided in accordance with the 
invention, a mobile communication device comprising a cel 
lular radio, a WLAN radio, a processor communicatively 
coupled to the WLAN radio and the cellular radio, the pro 
cessor operative to detect the start of a beacon message, begin 
reception of the beacon message and read a size of a variable 
portion of the beacon message therefrom and abort reception 
of the beacon message immediately after reception of the 
variable portion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0039. The invention is herein described, by way of 
example only, with reference to the accompanying drawings, 
wherein: 
0040 FIG. 1 is a network diagram illustrating an example 
prior art WLAN network: 
0041 FIG. 2 is a block diagram illustrating an example 
prior art WLAN transceiver in more detail; 
0042 FIG. 3 is a block diagram illustrating beacon trans 
mission in a busy network; 
0043 FIG. 4 is a block diagram illustrating the multi 
phase process of Beacon reception in a STA; 
0044 FIG.5 is an example communication device in more 
detail incorporating the WLAN idle connection state power 
reduction mechanism of the present invention; 
004.5 FIG. 6 is a block diagram illustrating an example 
WLAN transceiver incorporating the idle connection state 
power reduction mechanism of the present invention; 
0046 FIG. 7 is a diagram illustrating the frame format for 
the beacon transmission delay information element of the 
present invention; 
0047 FIG. 8 is a flow diagram illustrating the method of 
advertising the beacon transmission delay for use on an 
access point; 
0048 FIG. 9 is a flow diagram illustrating a first beacon 
transmission delay measurement method; 
0049 FIG. 10 is a flow diagram illustrating a second bea 
contransmission delay measurement method; 
0050 FIG. 11 is a flow diagram illustrating the method of 
advertising the beacontransmission delay for use on a station; 
0051 FIG. 12 is a diagram illustrating the frame format for 
an example beacon having a variable beacon data information 
element of the present invention; 
0052 FIG. 13 is a flow diagram illustrating the method of 
beacon reception time reduction for use on an access point; 
and 
0053 FIG. 14 is a flow diagram illustrating the method of 
beacon reception time reduction for use on an access point. 

DETAILED DESCRIPTION OF THE INVENTION 

Notation Used Throughout 
0054 The following notation is used throughout this 
document. 

Term Definition 

AC Alternating Current 
ADC Analog to Digital Converter 

WiMedia 
WLAN 
WMA 
WMV 
WPAN 
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-continued 

Definition 

Access Point 
Application Specific Integrated Circuit 
Ad Hoc Traffic Indication 
Audio Video Interleave 
Windows Bitmap 
Basic Service Set 
Beacon Transmission Delay 
Complementary Code Keying 
Contention Fee Period 
Central Processing Unit 
Digital to Analog Converter 
Direct Current 
Dynamic Frequency Selection 
Dynamic Random Access Memory 
Direct Sequence 
Digital Signal Processor 
Direct Sequence Spread Spectrum 
Delivery Traffic Indication Message 
Enhanced Distributed Channel Access 
Enhanced Data Rate 
Erasable Programmable Read Only Memory 
Extended Rate Physical 
Extended Service Set 
Frame Check Sequence 
Frequency Modulation 
Field Programmable Gate Array 
Ground Positioning Satellite 
Hardware Description Language 
High Throughput 
internet Assigned Numbers Authority 
(ndependent Basic Service Set 
dentification 
information Element 
institute of Electrical and Electronics Engineers 
intermediate Frequency 
internet Protocol 
oint Photographic Experts Group 
Local Area Network 
Last Beacon Transmission Delay 
Media Access Control 
Multiband OFDMAlliance 
MPEG-1 Audio Layer3 
Moving Picture Experts Group 
Network Interface Card 
Orthogonal Frequency Division Multiplexing 
Open Systems Interconnection 
Personal Computer 
Personal Computer Interconnect 
Portable Digital Assistant 
Quadrature Amplitude Modulation 
Random Access Memory 
Radio Frequency 
Read Only Memory 
Secure Digital Input Output 
Subscriber Identity Module 
Signal to Noise Ratio 
Static Random Access Memory 
Service Set Identifier 
Station 
Target Beacon Transmission Times 
Timing Synchronization Function 
Television 
Universal Plug and Play 
Universal Serial Bus 
Ultra Wideband 
Wireless Fidelity 
Worldwide Interoperability for Microwave Access 
Radio platform for UWB 
Wireless Local Area Network 
Windows Media Audio 
Windows Media Video 
Wireless Personal Area Network 



US 2008/O 170552 A1 

DETAILED DESCRIPTION OF THE INVENTION 

0055. The present invention is a novel and useful appara 
tus for and method of improving idle connection state power 
consumption in wireless local area network (WLAN) sys 
tems. The present invention provides a mechanism for reduc 
ing the power consumption of stations (STAs) in a WLAN 
network while in the Idle connection state. 
0056 Although the mechanism of the present invention 
can be used in numerous types of communication systems, to 
aid in illustrating the principles of the present invention, the 
description of the WLAN signal detection mechanism is pro 
vided in the context of a WLAN radio co-located with a 
Bluetooth radio that is part of a cellular phone. 
0057 Although the WLAN idle connection state power 
reduction mechanism of the present invention can be incor 
porated in numerous types of communication devices such a 
multimedia player, cellular phone, PDA, mobile device, etc., 
it is described in the context of a WLAN access point and 
station. It is appreciated, however, that the invention is not 
limited to the example applications presented, whereas one 
skilled in the art can apply the principles of the invention to 
other communication systems as well without departing from 
the scope of the invention. 
0058. Note that throughout this document, the term com 
munications device is defined as any apparatus or mechanism 
adapted to transmit, receive or transmit and receive data 
through a medium. The term communications transceiver or 
communications device is defined as any apparatus or mecha 
nism adapted to transmit and receive data through a medium. 
The communications device or communications transceiver 
may be adapted to communicate over any suitable medium, 
including wireless or wired media. Examples of wireless 
media include RF, infrared, optical, microwave, UWB, Blue 
tooth, WiMax, WiMedia, WiFi, or any other broadband 
medium, etc. Examples of wired media include twisted pair, 
coaxial, optical fiber, any wired interface (e.g., USB, 
Firewire, Ethernet, etc.). The term Ethernet network is 
defined as a network compatible with any of the IEEE 802.3 
Ethernet standards, including but not limited to 10Base-T. 
10OBase-T or 1000Base-T over Shielded or unshielded 
twisted pair wiring. The terms communications channel, link 
and cable are used interchangeably. 
0059. The term multimedia player or device is defined as 
any apparatus having a display screen and user input means 
that is capable of playing audio (e.g., MP3, WMA, etc.), video 
(AVI, MPG, WMV, etc.) and/or pictures (JPG, BMP, etc.). 
The user input means is typically formed of one or more 
manually operated Switches, buttons, wheels or other user 
input means. Examples of multimedia devices include pocket 
sized personal digital assistants (PDAs), personal media 
player/recorders, cellular telephones, handheld devices, and 
the like. 
0060 Some portions of the detailed descriptions which 
follow are presented in terms of procedures, logic blocks, 
processing, steps, and other symbolic representations of 
operations on data bits within a computer memory. These 
descriptions and representations are the means used by those 
skilled in the data processing arts to most effectively convey 
the substance of their work to others skilled in the art. A 
procedure, logic block, process, etc., is generally conceived 
to be a self-consistent sequence of steps or instructions lead 
ing to a desired result. The steps require physical manipula 
tions of physical quantities. Usually, though not necessarily, 
these quantities take the form of electrical or magnetic signals 
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capable of being stored, transferred, combined, compared 
and otherwise manipulated in a computer system. It has 
proven convenient at times, principally for reasons of com 
mon usage, to refer to these signals as bits, bytes, words, 
values, elements, symbols, characters, terms, numbers, or the 
like. 
0061. It should be born in mind that all of the above and 
similar terms are to be associated with the appropriate physi 
cal quantities they represent and are merely convenient labels 
applied to these quantities. Unless specifically stated other 
wise as apparent from the following discussions, it is appre 
ciated that throughout the present invention, discussions uti 
lizing terms such as processing, computing, calculating. 
determining, displaying or the like, refer to the action and 
processes of a computer system, or similar electronic com 
puting device, that manipulates and transforms data repre 
sented as physical (electronic) quantities within the computer 
system's registers and memories into other data similarly 
represented as physical quantities within the computer sys 
tem memories or registers or other Such information storage, 
transmission or display devices. 
0062. The invention can take the form of an entirely hard 
ware embodiment, an entirely software embodiment or an 
embodiment containing a combination of hardware and soft 
ware elements. In one embodiment, a portion of the mecha 
nism of the invention is implemented in software, which 
includes but is not limited to firmware, resident software, 
object code, assembly code, microcode, etc. 
0063. Furthermore, the invention can take the form of a 
computer program product accessible from a computer-us 
able or computer-readable medium providing program code 
for use by or in connection with a computer or any instruction 
execution system. For the purposes of this description, a 
computer-usable or computer readable medium is any appa 
ratus that can contain, store, communicate, propagate, or 
transport the program for use by or in connection with the 
instruction execution system, apparatus, or device, e.g., 
floppy disks, removable hard drives, computer files compris 
ing Source code or object code, flash semiconductor memory 
(USB flash drives, etc.), ROM, EPROM, or other semicon 
ductor memory devices. 

Mobile Device/Cellular Phone/PDA System 
0064. A simplified block diagram illustrating an example 
communication device incorporating the WLAN idle connec 
tion state power reduction mechanism of the present inven 
tion is shown in FIG. 3. The communication device may 
comprise any suitable wired or wireless device Such as a 
multimedia player, mobile station, mobile device, cellular 
phone, PDA, wireless personal area network (WPAN) device, 
Bluetooth EDR device, etc. For illustration purposes only, the 
communication device is shown as a cellular phone or Smart 
phone. Note that this example is not intended to limit the 
scope of the invention as the frequency reference dither 
mechanism of the present invention can be implemented in a 
wide variety of wireless and wired communication devices. 
0065. The cellular phone, generally referenced 70, com 
prises a baseband processor or CPU 71 having analog and 
digital portions. The basic cellular link is provided by the RF 
transceiver 94 and related one or more antennas 96, 98. A 
plurality of antennas is used to provide antenna diversity 
which yields improved radio performance. The cell phone 
also comprises internal RAM and ROM memory 110, Flash 
memory 112 and external memory 114. 
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0066. The basic cellular link is provided by the RF trans 
ceiver 94 and related one or more antennas 96.98. A plurality 
of antennas is used to provide antenna diversity which yields 
improved radio performance. The cell phone also comprises 
internal RAM and ROM memory 110, Flash memory 112 and 
external memory 114. 
0067. Several user interface devices include microphone 
84, speaker 82 and associated audio codec 80, a keypad for 
entering dialing digits 86, vibrator 88 for alerting a user, 
camera and related circuitry 100, a TV tuner 102 and associ 
ated antenna 104, display 106 and associated display control 
ler 108 and GPS receiver 90 and associated antenna 92. 
0068 A USB interface connection 78 provides a serial link 
to a user's computer (e.g., PC, Mac, etc.) or other device. An 
FM receiver 72 and antenna 74 provide the user the ability to 
listen to FM broadcasts. WLAN radio and interface 76 and 
antenna 77 provide wireless connectivity when in a hot spot 
or within the range of an ad hoc, infrastructure or mesh based 
wireless LAN network. In accordance with the invention, the 
WLAN comprises the idle connection state power reduction 
mechanism as indicated in block 128. Alternatively, software 
adapted to implement the idle connection state power reduc 
tion mechanism may be as provided as a task (block 129) to be 
executed by the digital baseband processor 71. 
0069. Note that the idle connection state power reduction 
mechanism may be implemented as hardware, as Software 
executed as a task on the baseband processor 71 or a combi 
nation of hardware and Software. Implemented as a Software 
task, the program code operative to implement the idle con 
nection state power reduction mechanism of the present 
invention is stored in one or more memories 110, 112 or 114. 
0070 A Bluetooth EDR radio and interface 73 and 
antenna 75 provide Bluetooth wireless connectivity when 
within the range of a Bluetooth wireless network. Further, the 
communication device 70 may also comprise a WiMAX radio 
and interface 123 and antenna 125. SIM card 116 provides the 
interface to a user's SIM card for storing user data such as 
address book entries, etc. The communication device 70 also 
comprises an Ultra Wideband (UWB) radio and interface 83 
and antenna 81. The UWB radio typically comprises an 
MBOA-UWB based radio. 
(0071 Portable power is provided by the battery 124 
coupled to power management circuitry 122. External power 
is provided via USB power 118 or an AC/DC adapter 120 
connected to the power management circuitry which is opera 
tive to manage the charging and discharging of the battery 124 
and power delivery to the communication device. 

Example WLAN Transceiver 
0072 A simplified block diagram illustrating an example 
WLAN transceiver incorporating the idle connection state 
power reduction mechanism of the present invention is shown 
in FIG. 6. The example circuit, generally referenced 130, 
comprises a WLAN transceiver 131 coupled to an antenna 
132 and a host 144. The WLAN transceiver 131 comprises a 
WLAN radio 134, baseband processor/PHY circuit 136, 
MAC 138, host interface 142, processor/controller 148, flash 
memory 150, SRAM 152 and EEPROM 154. 
0073. The host interface 142 functions to interface the 
WLAN to a host entity 144. The host may comprise any 
Suitable computing device Such as a PDA, laptop computer, 
desktop computer, handheld telecommunications device, etc. 
The host interface may be adapted to communicate with the 
host in any manner. Typically, the host interface is adapted to 
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communicate via a standard interface including, but not lim 
ited to, PCI, CardBus, USB, SDIO, SDI, etc. 
0074 The medium access controller (MAC) 138 is opera 
tive to provide Layer 2 functionality (i.e. the OSI model). The 
MAC handles communications and implements the protocol 
between the host and the PHY Layer 1 hardware. The base 
band processor/PHY module 50 implements the Layer 1 
functionality (OSI model). The PHY performs modulation 
and demodulation of data (i.e. OFDM in the case of WLAN 
802.11a or 802.11g, or Barker and CCK in the case of 802. 
11b). In addition, the PHY also performs analog to digital 
conversion, digital to analog conversion, carrier sensing and 
handles the transmission and reception of frames. The radio 
module 134, coupled to antenna 132, functions to perform the 
radio frequency (RF) processing including upconversion 
from intermediate frequency (IF), downconversion from IF, 
filtering and amplification of the RF signal. Note that alter 
natively, the radio may perform direct conversion and in this 
case would not need IF conversion circuitry. 
0075. In accordance with the present invention, the 
WLAN idle connection state power reduction mechanism of 
the present invention is implemented in the MAC portion of 
the transceiver. Note that alternatively, the mechanism of the 
invention may be implemented as a task executed on the 
processor/controller. In this case, the programming code for 
implementing the mechanism may reside on either of memo 
ries 150, 152, 154 or on the processor/controller itself. Note 
also that the mechanism may be performed entirely in hard 
ware, software or a combination of hardware and software. 
Alternatively, the mechanism may be implemented entirely in 
the host or a portion implemented in the host and a portion in 
the MAC. 
0076. The WLAN transceiver also comprises a processor/ 
controller 148, flash memory 150, static random access 
memory (SRAM) 152 and electrical erasable programmable 
read only memory (EEPROM) 154. Note that DRAM may be 
used in place of static RAM. In addition, the mesh point may 
not comprise any EEPROM memory. The controller 148 is 
operative to provide management, administration and control 
to the MAC, PHY and radio modules via bus 146. The con 
troller is also in communication with the Flash, SRAM and 
EEPROM memories via a separate memory bus 156 or via a 
single bus 146 shared by all the modules and memory devices. 

Advertisement of Beacon Transmission Delay 
0077. It was found by a series of measurements taken by 
the inventor that the majority of access point devices delay 
beacon transmission beyond the time needed for the IEEE 
802.11e Enhanced Distributed Channel Access (EDCA). 
This particular type of delay is referred to as the Beacon 
Transmission Delay (BTD). It is defined as the time from the 
creation of the Target Beacon Transmit Time (TBTT) event 
by the IEEE 802.11 MAC hardware timer to the time the 
beacon packet is forwarded to the IEEE 802.11 EDCA Chan 
nel Access function in the 802.11 MAC hardware. In accor 
dance with the measurements taken by the inventor, the bea 
con transmission delay time may vary anywhere from 40 
microseconds to 400 microseconds in the typical access point 
(AP) implementation. 
0078 If the STA had knowledge of the beacon transmis 
sion delay, it could delay wake-up until a point in time that is 
much closer to the actual arrival of the beacon message, 
thereby reducing the power consumption of the STA while in 
the idle connection state, and increasing standby and talk 
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time. Therefore, in accordance with the invention, the AP is 
operative to measure and advertise a beacon transmission 
delay time in the beacon message. The beacon transmission 
delay time is advertised via a beacon transmission delay 
information element (IE). The invention provides methods 
for execution in both the access point and the station. 
007.9 The functionality to be added to the access point 
implementation will now be described in more detail. The 
beacon transmission delay of the access point must be deter 
mined and reported to the STAs. The actual method used to 
determine the beacon transmission delay is not critical to the 
invention. Illustrative examples of the methods AP manufac 
turers may use to determine the beacontransmission delay are 
described below. 
0080 A diagram illustrating the frame format for the bea 
con transmission delay information element of the present 
invention is shown in FIG. 7. The beacon transmission delay 
IE, generally referenced 180, comprises a 1-byte ID field 182 
which is assigned by the IEEE Internet Assigned Numbers 
Authority (IANA), 1-byte length field 184 which is equal to 
two and 2-byte beacon transmission delay field 186 which 
comprises a value of the beacon transmission delay either 
measured or assessed by the AP vendor. 
0081. A flow diagram illustrating the method of advertis 
ing the beacon transmission delay for use on an access point 
is shown in FIG. 8. First, the beacon transmission delay 
(BTD) is measured using any suitable method (step 190). 
Typically, the access point manufacturer implements, for 
example, the methods of FIGS.9 and 10 to measure or assess 
the beacon transmission delay. Once obtained, the beacon 
transmission delay value is inserted into the beacon transmis 
sion delay field of the Beacon Transmission Delay Informa 
tion Element (IE) (step 192). The Beacon Transmission Delay 
IE is included in 802.11 MAC management frames, such as 
Beacon/Probe Responses, (Re)Association Responses and 
Neighbor Reports. 
0082. As discussed above. Access Point vendors can select 
several methods to measure the Beacon Transmission Delay 
in their AP devices. Two example methods are presented 
below. Note that other methods of determining (via measure 
ment or other means) the beacon transmission delay may be 
used without departing from the scope of the invention. 
0083. A flow diagram illustrating a first beacon transmis 
sion delay measurement method is shown in FIG. 9. In this 
first method, the minimal beacon transmission delay is 
assessed based on internal knowledge of the particular AP 
implementation, which is assumed known to the AP manu 
facturer. If the beacontransmission process is implemented in 
software, the number of CPU (i.e. processor) instructions 
executed from the moment the TBTT interrupt is received by 
the MAC CPU to the moment the Beacon frame pointer is 
programmed into the EDCA Channel Access hardware block 
registers is counted (step 200). 
0084. The number of executed CPU instructions counted 

is then multiplied by the execution time of a single instruction 
(step 202). This yields the beacon transmission delay value 
which is then advertised to the STAs and other devices in the 
WLAN system via beacon transmission delay IEs inserted 
into the beacon messages. 
0085. A flow diagram illustrating a second beacon trans 
mission delay measurement method is shown in FIG. 10. The 
second method is a Weighted Average Access Delay (WAAD) 
method. First, the WAAD value is set initially to zero (step 
210). For every TBTT, the following process is repeated (step 
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212). The timestamp of the TBTT timer expiration is marked 
as START EVENT (step 214). The timestamp of the event 
when the Beacon frame is input to the EDCA Channel Access 
hardware block is marked as END EVENT (step 216). The 
Last Beacon Transmission Delay (LBTD) is set to the differ 
ence between END EVENT and START EVENT, i.e. 
LBTD=(END EVENT START EVENT) (step 218). 
I0086. The WAAD is updated in accordance with a decay 
or forgettance factor and the previous value for the WAAD as 
follows in Equation 1 (step 219). 

WAAD=Forgettance FactorxWAAD+(1-Forgettan 
ce Factor)xLBTD (1) 

where a default value for Forgettance Factor is 0.9. 
I0087. The functionality to be added to the station imple 
mentation will now be described in more detail. The beacon 
transmission delay measured or determined by the access 
point is advertised to the STAs via special information ele 
ments 180 (FIG. 7) as described supra. 
I0088 A flow diagram illustrating the method of advertis 
ing the beacon transmission delay for use on a station is 
shown in FIG. 11. When a STA receives a Beacon message 
that contains a Beacon Transmission Delay Information Ele 
ment (step 220) it first extracts the Beacon Transmission 
Delay field value from the contents of the received IE. The 
STAthen updates the Wake For Beacon Reception time value 
by adding the Beacon Transmission Delay to the TBTT time, 
as in Equation 2 below (step 222). 

Wake For Beacon Reception=TBTT time--Beacon 
Transmission Delay (2) 

where 
I0089 TBTT time is the Beacon Interval advertised by the 
Access Point in Beacon frames; 
0090 Beacon Transmission Delay is the value of the Bea 
con Transmission Delay field of the Beacon Transmission 
Delay Information Element. 
0091. The STAthen programs (i.e. configures) the hard 
ware timer used to indicate that the STA needs to prepare for 
the Beacon reception with the updated Wake For Beacon 
Reception value (step 224). 

Reduction in Beacon Frame Reception Time 
0092. In order to enable maximum range coverage, Bea 
cons are transmitted at low rates. The typical Beacon trans 
mission PHY rate is 1 Mbps. The typical Beacon length 
measured in different environments varies from approxi 
mately 130 to 300 bytes which translates to Beacon transmis 
sion times of 1.2 milliseconds to 2.6 milliseconds. It has been 
found that the contents of the Beacon messages do not change 
significantly between consecutive Beacon transmissions. An 
exception to this is the TSF Information Element and TIM 
Information Element that do change every Beacon period. 
0093 Changes in the contents of Beacon messages usually 
occur in the leading 73 bytes as follows: 
1. 802.11 Header: 24 bytes, the duration field typically 
changes. 
2. Timestamp: 8 bytes, changes every Beacon message. 
3. Beacon Interval: 2 bytes, does not change. 
4. Capabilities Information Element: 2 bytes, does not 
change. 
5. SSID Information Element: typically 8 bytes, does not 
change. 
6. Rates Information Element: typically 13 bytes, does not 
change. 
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7. Direct Sequence (DS) Parameter Set Information Element: 
3 bytes, does not change. 
8. TIM Information Element: typical for network with 64 
STAs: 13 bytes, changes every Beacon. 
0094. The information elements that follow the leading 73 
bytes of the Beacon message change infrequently, if at all. 
Therefore, a STA could abort the reception of the Beacon if it 
was able to know that it received all the information in the 
Beacon transmission that changed from the previous Beacon 
transmission received from the Access Point, thereby reduc 
ing power consumption. 
0095 Thus, in accordance with the present invention, a 
Variable Beacon Data Information Element is defined that is 
transmitted in the Beacon message by an Access Point and 
received and processed by the stations. A diagram illustrating 
the frame format for an example beacon having a variable 
beacon data information element of the present invention is 
shown in FIG. 12. 

0096. The Variable Beacon Data Information Element, 
generally referenced 242, is transmitted after the Supported 
Rates Information Element and before the DS Parameter Set 
Information Element in the Beacon message, generally ref 
erenced 230. The following is a description of the frame 
format and fields of the Beacon message and the Variable 
Beacon Data Information Element, generally referenced 230. 
The Beacon message 230 comprises 
0097. The Beacon message 230 comprises a 24-byte 802. 
11 header 232, 8-byte timestamp 234, 2-byte Beacon interval 
field 235, 2-byte capabilities Information Element 236, 
8-byte SSID Information Element, 13-byte Supported Rates 
Information Element 240.8-byte Variable Beacon Data Infor 
mation Element 242, other Information Elements 244 and a 
4-byte Frame Check Sequence (FCS) field. The Beacon also 
includes a 3-byte Direct Sequence (DS) Parameter Set Infor 
mation Element and 13-byte TIM Information Element 
0098. The Variable Beacon Data Information Element 242 
comprises a 2-byte ID field 252, 1-byte length field, 2-byte 
size field indicating the size of the variable section of the 
Beacon message, 1-byte checksum calculated over the vari 
able section of the Beacon message only and a 2-byte 
reserved field 259. Note that the ID field 252 value is equal to 
2 thus overlaying the Frequency Hopping Parameter Set 
Information Element structure. This is not critical as the Fre 
quency Hopping Parameter Set Information Element is not in 
use in the Direct Spread Sequence (DSSS) (i.e. 802.11 DS), 
High Rate DSSS (i.e. 802.11b), OFDM (i.e. 802.11a), 
Extended Rate PHY (ERP) (i.e. 802.11g) and High Through 
put (HT) (i.e. 802.11n) physical layers and therefore can be 
reused for systems deploying PHY's modified to implement 
the mechanisms of the present invention. 
0099. The length field 254 is set to 5. The Size Of Variable 
Section field 256 indicates size of the Beacon frame contents 
that changed from the previous Beacon transmission. The 
checksum field 258 is used to validate integrity of received 
Beacon contents starting from the first byte and continuing to 
the length of Size Of Variable Section. The reserved field 259 
is set to Zero. 

0100. The functionality to be added to the implementation 
of the Access Point will now be described. A flow diagram 
illustrating the method of beacon reception time reduction for 
use on an access point is shown in FIG. 13. This method is 
intended to be implemented by the Access Point during its 
preparation of the Beacon for transmission. 

Jul. 17, 2008 

0101 First, the Access Point prepares a Beacon transmis 
sion buffer with all relevant Information Elements, including 
the Variable Beacon Data Information Element, that are to be 
transmitted in the Beacon message (step 260). The following 
fields are initialized to Zero: the duration field in the frame 
header, the TSF IE and the checksum field of Variable Beacon 
Data Information Element (step 262). The Access Point then 
calculates the size of variable section in the following manner 
(step 264): It first compares the contents of the current Beacon 
in the Beacon transmission buffer with the contents of the 
most recently transmitted Beacon. The comparison starts 
immediately after the Variable Beacon Data Information Ele 
ment and continues until the end of the Beacon message. A 
Last Different IE variable is set with the offset of the Infor 
mation Element immediately following the last Information 
Element that differs between the two Beacons. The offset is 
calculated starting from the first byte of the Beacon frame 
stored in the Beacon transmission buffer. 

0102 The contents of the Last Different IE variable is 
copied to the Size of Variable Section field in the Variable 
Beacon Data Information Element (step 266). The checksum 
value on the variable portion of the Beacon, called the Temp 
Checksum, is then calculated in accordance with the follow 
ing algorithm (step 268): The Temp Checksum variable is 
initialized to the hex value of 0xAB and the variable I is 
initialized to 0. For I=0 to Last Different IE. Temp 
Checksum=Temp Checksum XOR (the contents of the byte 
read from the Beacon transmission buffer at offset I). The 
contents of Temp Checksum are copied to the checksum field 
258 (FIG. 12) in the Variable Beacon Data Information Ele 
ment 242 (step 269). The Access Point then transmits the 
prepared Beacon message according to the rules defined in 
the IEEE 802.11 standard. 
0103) The following functionality is added to the imple 
mentation of the Stations in the WLAN system. A flow dia 
gram illustrating the method of beacon reception time reduc 
tion for use on an access point is shown in FIG. 14. This 
method is intended to be implemented by the STAs in the 
WLAN network. The STA maintains a logical variable (or 
flag) Previous Beacon Correct which is used to indicate 
whether the previously received Beacon was received cor 
rectly. Initially, the Previous Beacon Correct variable is set 
to FALSE (step 270). The STA waits for receipt of a beacon. 
If the Beacon received by the STA is the first Beacon after 
joining the BSS (step 272), then it receives the complete data 
set in the Beacon message (step 274). If the Frame Check 
Sequence (FCS) of the Beacon is correct (step 276) then 
Previous Beacon Correct is set to TRUE (step 278) and the 
method returns to wait for the next Beacon. 

0104. If the Beacon received is not the first Beacon after 
joining the BSS (step 272), the STA implement the following 
process of Beacon reception for Subsequently received Bea 
cons. It is first checked whether Previous Beacon-Correct is 
TRUE (step 280). If not then this means that the previous 
Beacon was not received correctly and the entire Beacon 
message should be received. The method continues with step 
274. 

0105. If Previous Beacon Correct is TRUE (step 280), 
then only the variable portion of the Beacon needs to be 
received as follows. The start of Beacon reception is detected 
using any suitable existing mechanism as is known in the art 
(step 282). This can be achieved by detecting the frame type 
of the Beacon and the BSSID STA it is associated with. The 
STA begins storing received Beacon data in a Beacon 
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received data buffer. The Variable Beacon Data Information 
Element is then detected via its unique ID (step 284). The 
contents of the Variable Beacon Data Information Element is 
parsed and the Size Of Variable Section field is read (step 
286). 
0106. In accordance with the present invention, Beacon 
reception is stopped after the number of bytes indicated in the 
Size Of Variable Section field is received (step 288). Thus, the 
STA need not receive the entire Beacon message beyond the 
number of bytes called for in the Size Of Variable Section 
field. Once the variable portion of data is received, the STA 
turns off the radio thereby significantly reducing power con 
sumption (step 290). 
0107 The integrity of the received Beacon is then verified 
in the following manner (step 292). The contents of the check 
sum field from the Variable Beacon Data Information Ele 
ment is copied to a Validate Checksum variable. The follow 
ing fields of the Beacon data buffer are initialized to Zero: the 
duration field in the Frame Header, TSFIE and the Checksum 
field of Variable Beacon Data Information Element. The con 
tents of the Variable Section field in the Variable Beacon Data 
Information Element is copied to the Last Different IE vari 
able. 
0108. The Temp Checksum value is then calculated 
according to the following algorithm (step 294): The Temp 
Checksum variable is initialized to the hex value of 0xAB and 
the variable I is initialized to 0. For I=0 to Last Different IE, 
Temp Checksum=Temp Checksum XOR (the contents of 
the byte read from the Beacon receive buffer at offset I). 
0109 The contents of Temp Checksum are then com 
pared to the contents of the Validate Checksum variable (step 
296). If the values are equal then the Beacon data is consid 
ered to have been correctly received and Previous Beacon 
Correct is set to TRUE (step 299). Otherwise, the Beacon data 
is considered to have been received incorrectly and Previous 
Beacon Correct is set to FALSE (step 298). The method 
returns to step 272. 
0110. It is intended that the appended claims coverall such 
features and advantages of the invention that fall within the 
spirit and scope of the present invention. As numerous modi 
fications and changes will readily occur to those skilled in the 
art, it is intended that the invention not be limited to the 
limited number of embodiments described herein. Accord 
ingly, it will be appreciated that all Suitable variations, modi 
fications and equivalents may be resorted to, falling within the 
spirit and scope of the present invention. 

What is claimed is: 
1. A method for use in an access point in a wireless local 

area network (WLAN) system, said method comprising the 
steps of: 

preparing a beacon transmission buffer with information 
elements to be transmitted in a beacon message; 

determining the size of a variable section of said beacon 
transmission buffer, and 

inserting said size of said variable section in said beacon 
message. 

2. The method according to claim 1, wherein said size of 
said variable section is transmitted in a variable beacon data 
information element. 

3. The method according to claim 1, wherein said step of 
determining comprises comparing the current contents of 
said beacon transmission buffer with a most recently trans 
mitted beacon message, and determining the size of the Vari 
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able section as a function of the offset of the information 
element immediately following the last information element 
that differs therebetween. 

4. The method according to claim 3, wherein said offset is 
calculated starting from the first byte of the beacon frame 
stored in said beacon transmission buffer 

5. The method according to claim 1, further comprising the 
step of calculating a checksum only on the contents of said 
variable section and transmitting said checksum in said bea 
con message. 

6. The method according to claim 5, wherein said check 
Sum is transmitted in a variable beacon data information 
element. 

7. A method for use in an access point in a wireless local 
area network (WLAN) system, said method comprising the 
steps of: 

preparing a Beacon transmission buffer with information 
elements to be transmitted in a current Beacon message; 

calculating the size of a variable portion of said Beacon 
transmission buffer that changed from the contents of a 
previous Beacon message; and 

advertising said size of said variable portion in said current 
Beacon message thereby permitting recipient stations to 
abort Beacon reception once receipt of said variable 
portion of said current Beacon message is complete. 

8. The method according to claim 7, wherein said size of 
said variable portion is transmitted in a variable beacon data 
information element within said current Beacon message. 

9. The method according to claim 7, wherein said step of 
calculating comprises comparing the contents of said beacon 
transmission buffer with the contents of said previous Beacon 
message, and determining the size of said variable portion as 
a function of the offset of the information element immedi 
ately following the last information element that differs ther 
ebetween. 

10. The method according to claim 9, wherein said offset is 
calculated starting from the first byte of the beacon frame 
stored in said Beacon transmission buffer 

11. The method according to claim 7, further comprising 
the step of calculating a checksum only on the contents of said 
variable portion and transmitting said checksum in said cur 
rent Beacon message. 

12. The method according to claim 11, wherein said check 
Sum is transmitted in a variable beacon data information 
element. 

13. A method for use in a station in a wireless local area 
network (WLAN) system, said method comprising the steps 
of: 

detecting the start of a beacon message; 
beginning reception of said beacon message and reading a 

size of a variable portion of said beacon message there 
from; and 

aborting reception of said beacon message immediately 
after reception of said variable portion. 

14. The method according to claim 13, wherein said size 
comprises the number of bytes in said variable portion of said 
beacon message to be read. 

15. The method according to claim 13, wherein said step of 
aborting beacon message reception comprises turning off a 
radio receiver. 

16. The method according to claim 13, further comprising 
the step of verifying the integrity of said received beacon 
message. 
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17. The method according to claim 16, wherein said step of 
Verifying comprises the steps of: 

calculating a checksum only on the contents of said vari 
able portion; 

comparing said calculated checksum with a checksum 
value extracted from said received beacon message; and 

considering beacon data received correctly if said calcu 
lated checksum equals said extracted checksum. 

18. The method according to claim 13, further comprising 
the steps of: 

setting a previous beacon receive correct flag true if a 
checksum calculated on the contents of the variable 
portion of said beacon message matches the checksum 
extracted from the received beacon message; and 

receiving only the variable portion of said beacon message 
if said previous beacon receive correct flag is true. 

19. The method according to claim 13, further comprising 
the steps of: 

setting a previous beacon receive correct flag true if a 
checksum calculated on the contents of the variable 
portion of said beacon message matches the checksum 
extracted from the received beacon message; and 

receiving the complete beacon message if said previous 
beacon receive correct flag is false. 

20. A method for use in a station in a wireless local area 
network (WLAN) system, said method comprising the steps 
of: 

beginning reception of a beacon message; 
detecting a variable beacon data information element and 

extracting a size of a variable portion of the beacon 
message therefrom; 

continuing to receive said beacon message up to an includ 
ing said variable portion; and 
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aborting reception of said beacon message immediately 
after reception of said variable portion is complete. 

21. The method according to claim 20, wherein said step of 
aborting beacon message reception comprises turning off a 
radio receiver. 

22. The method according to claim 20, further comprising 
the step of verifying the integrity of said received beacon 
message. 

23. The method according to claim 22, wherein said step of 
Verifying comprises the steps of: 

calculating a checksum only on the contents of said vari 
able portion; 

comparing said calculated checksum with a checksum 
value extracted from said received beacon message; and 

considering beacon data received correctly if said calcu 
lated checksum equals said extracted checksum. 

24. A mobile communication device, comprising: 
a cellular radio; 
a WLAN radio; 
a processor communicatively coupled to said WLAN radio 

and said cellular radio, said processor operative to: 
detect the start of a beacon message; 
begin reception of said beacon message and read a size 

of a variable portion of said beacon message there 
from; and 

abort reception of said beacon message immediately 
after reception of said variable portion. 

25. The mobile communications device according to claim 
24, wherein said size of said variable section is transmitted in 
a variable beacon data information element. 

c c c c c 


